Recently H. Wang et al. (arxiv:1704.00995) have reported quantum oscillation in magnetoresistance with the periodicity in logarithmic of magnetic field (B) for the p-type ZrTe5. They have ascribed this type of behavior to the discrete scale invariance, resulting from Effimov bound states. We have prepared high quality stoichiometric (p-type) ZrTe5 polycrystals and observed magnetoresistance (MR) oscillations, which are periodic in B. These oscillations are in contrast to usual SdH oscillations or log B dependent oscillations as observed for tellurium deficient and stoichiometric ZrTe5 respectively. The MR follows the three dimensional Weyl semimetal like behavior, and Kohler's rule is obeyed at low temperatures. We obtained small cyclotron effective mass (m*~ 0.05me), very high mobility of ~ 2.2  10 4 cm 2 /V-s and the signature of topological protected surface states in the compound. The magnetic data shows zero cusp paramagnetic susceptibility which supports the existence of topological surface states in ZrTe5.
INTRODUCTION
The ZrTe5 is an important member of the group IV transition metal penta-chalcogenides. The initial studies on this compound were focused to understand the origin of peak shape anomaly in resistivity in the temperature (T) range of 60 -145 K, large thermoelectric power (S) and positive magnetoresistance (MR) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Recently it has been established that anomaly in resistivity arises due to bipolarity and the conduction anisotropies for electrons and holes [13, 17, 18] . The ZrTe5 is semiconducting (p-type) and shows positive S in the perfect stoichiometric form, but tellurium off-stoichiometry and presence of defects gives rise to resistivity anomaly with metallic behavior and reversal of S sign at low temperatures [13, 17, 18] . The ZrTe5 exhibits many exotic and interesting features of topological protected states. G. Manzoni et al. showed 3-D strong topological insulator (TI) behavior [4] . The band topology is sensitive to lattice parameters and interlayer distances, and a mere 3-4% change in interlayer distance can lead to strong TI to weak TI behavior [14] . However, G. Zheng et al. showed the direct evidences for 3-D Dirac semimetal phase of ZrTe5 through angle dependent magnetoresistance (MR) measurements [15] . Interestingly, 3-D Weyl semimetal behavior shifts to 2-D Dirac semimetal upon application of 8 Tesla magnetic field along b-direction [5] . The compound shows topological edge states (TES) in large energy gap of 100 meV at the Brillouin zone center [14] which is also supported by the scanning tunneling microscopy (STM) experiment with bulk band gap of 80 meV at step edge [6] . The mass acquisition of massless Dirac Fermions (electrons), chiral magnetic effect, van Hove singularity near Fermi level, fractional Landau levels have also been reported in ZrTe5 [7] [8] [9] 17] .
The most of studies undertaken regarding the topological features in ZrTe5 have been performed on the bipolar tellurium (Te) deficient compounds where electrons (/holes) are dominant carriers below (/above) the resistivity anomaly. However the studies on stoichiometric p-type ZrTe5 are limited in the number in the literature [2, 12, 18] .
A. Pariari et al. performed magnetization and magneto-transport measurements on p-type ZrTe5 single crystal and
showed the coexistence of topological Dirac Fermions on the surface and 3 D Dirac cone state in the bulk [12] .
Recently H. Wang 
SAMPLE PREPARATION AND MEASUREMNTS
The polycrystalline ZrTe5 was prepared by solid state reaction method route, by heating of the stoichiometric amount of pure (> 99.95%) elemental Zr and Te inside the evacuated quartz tube at 500 0 C for 7 days and then it was slowly cooled to 200 0 C. The obtained material was further grounded, pelletized and sintered at 500 0 C for 24 hours. It is worth to mention here that 5 % extra Te was taken to avoid/minimize Te deficiency in the compound. The X-ray diffraction ( figure 1 ) and EDX analysis on the powdered compounds confirmed the single phase of the compound [2] .
The Rietveld refinement of the XRD data using Cmcm space group, gave the crystal lattice parameters as a = 3.96 Å, b = 14.62 Å and c = 13.91 Å that are slightly higher than the reported in literature [12, 13] . The X-ray diffraction data on the measured polycrystalline pellets showed the reflections from the (023), (115), (170), (191) , (119) and (332) planes only, which indicate the preferential alignment of the crystal planes in the pellet. B (T) B/R(0,T) (Tesla/) linear dependence of MR with magnetic field are observed in TIs [20, [24] [25] [26] [27] , Dirac semimetals [28, 29] , Weyl semimetals [30] , and non-degenerate semiconductors compounds [31] . The quantum effects may also lead to unsaturated linear MR due to the linear energy dispersion of the Dirac fermions at the touching point [32] . The variation of resistivity with magnetic field in the extreme quantum limit for an isotropic metal can be described by
Abrikosov's isotropic model [33] . This model gives rise to linear resistivity (MR) as = = [29] has suggested that when the Zeeman energy surpasses the thermal energy, there is field induced shifting of the two Weyl Fermi surfaces in each Dirac cone which is responsible for linear MR. [18]. The log-periodic field dependence as a manifestation of DSI is suggested to originate from Effimov physics and intrinsic property of stoichiometric ZrTe5 beyond the quantum limit [18] . The MR oscillations in Effimov physics appear due to change in densities of mobile carriers upon the formation and dissipation of Effimov bound states with the application of magnetic fields [18] . The periodicity of oscillations in B could be associated with size effects and geometrical confinements [35] . axis and mean free path l is almost double of it (23 nm) [44] . Such a high value of surface mobility ensures the high quality of the sample and suggests that quantum oscillations originate from the surface states which are topologically protected, because in the bulk, mobilities (3000 and 1500 cm 2 V -1 s -1 along a-and c-axis) in the bulk ZrTe5 [44] are very low in comparison to surface states. The surface contribution to overall conduction could be calculated by taking the ratio of surface state conductance GS to Rbulk -1 (where GS = (e 2 /h) kFl, and Rbulk is the resistance at 1.8 K) [47] .
THE UNUSUAL QUANTUM OSCILLATIONS
The surface contribution is just 0.007 % of overall conduction which is again in agreement with quantum oscillations originating from the surface. The metallic parameter (kFl) of our ZrTe5 at dominating frequency comes around ~ 1.75 which is lower in comparison to kFl ~ 5 for metallic LuPdBi [41] . Figure 4a shows the magnetization versus field curves in the field range -7 to 7 Tesla at different T from 1.8 to 380 K.
SIGNATURE OF TOPOLOGICAL SURFACE STATES
At low temperatures, the data show positive susceptibility (paramagnetic) at lower fields, and changes to negative (diamagnetic) at higher fields. On increase of T, the field range and magnitude of the positive susceptibility decreases.
The positive susceptibility region decreases from 4 Tesla at 1.8 K to 130 Oe at 380 K. In the 3-D TIs, due to the spinmomentum locking the electron spin could align along the applied magnetic field direction due to singularity in spin orientation, which results in a low field paramagnetic peak in magnetic isotherm curves [12, 50] . Similar to ZrTe5 (ptype), Sb2Te3, Bi1.5Sb0.5Te1.7Se1.3, Bi2Se3 and Bi2Te3 [12, 50] , our compound also shows cusp like paramagnetic susceptibility (at low fields) which grows over diamagnetic floor (at higher fields) [12, 50] . 
where g is the Lande factor, vF is the Fermi velocity and  is the size of momentum space. The D shows a cusp at low fields, and its value depends on the effective size of the momentum space , and therefore controlled by the various factors such as hexagonal warping of the Dirac cone and by the bulk bands [12, 50] . At low fields, D is directly proportional to , which is controlled by the details of bulk bands, which thus depend on T. The phenomenological description of low field paramagnetic response could be given in terms of effective Dirac bandwidth (W = ħvF) and field energy (EB = gBB). The width of cusp is set by the condition W  EB [50] . The observed change in paramagnetic susceptibility with T requires that the thermal energy ET ( = kBT ) should be higher than W and EB which in turn depend on  and B. As vF, B and g (2me/mc ~ 40 from the oscillation analysis) values are fixed,  plays an important role for depression in amplitude of paramagnetic susceptibility with increasing T. It is worthy to mention that anisotropy also plays a great role in ZrTe5 as single crystals are highly anisotropic in compare to preferred oriented ZrTe5 [13] . The observed singularity in susceptibility at low fields is typical signature of 3-D TIs, arising from the sample surface due to the opening of a Zeeman gap at the Dirac point of the helical metal [12] and is universal to the 3-D TIs. The singularity is independent of the bulk carrier density, and predicts the existence of electronic states near the spindegenerate Dirac point.
CONCLUSIONS
We have done detailed analysis of MR on the high quality preferred oriented p-type ZrTe5 polycrystal which do not show the peak shape resistivity anomaly down to 1.8 K. We observed unusual quantum oscillations below 15 K which are periodic in B. The analysis of the MR electronic transport data and paramagnetic peak at lower fields in the Dirac susceptibility in magnetization data suggest the presence of highly conducting topologically protected surface states in the compound. Figure S1 shows the Hall resistivity (xy) measured over the temperature (T) range 3 to 300 K in the field range 0 to 14 Tesla. The xy shows the one type of carrier (hole) dominance in the whole T range. The trend observed in xy of our preferentially oriented polycrystal is consistent with the single crystal Hall data reported by A. Pariari et al. in the field range 0 to 9 Tesla [1] . The hole dominance in whole T range ensure p-type nature of the compound and also the absence of resistivity anomaly which arises from the switch over from p-type to n-type carriers. The xy shows the signature (very weak) of oscillations from 3 to 10 K like the magnetoresistance data. Above 10 K with disappearance of oscillations, the xy follows the convex slope up to 150 K and at 300 K, the curve becomes linear. We have calculated the carrier concentration (n) using single band model fitting the linear region at lower fields (0 to 4 Tesla) and higher fields (7 to 14 Tesla) below 300 K as shown in the top inset of figure S1 . The xy curve behavior in the intermediate field range (4 < B < 7 Tesla) is quite complicated and does not follow linear behavior. The calculated n varies from 0.92  10 16 to 1.92 10 17 cm -3 for 3 K  T  300 K which is in agreement with previous reports about ptype ZrTe5 crystal [1, 2] . There is variation in n with change of T and this confirms possibility of slight variation in carrier density which disturbs the periodicity in 1/B in the oscillations. The variation in n with T is similar to the reported by H. Wang et al. [2] . 
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